I 


I 
I 
I 
I 
i 
I 
I 


REPORT  ON 


WYOMING  COAL  MO  DELS 


MINERALS  AND  ENERGY  STAFF 
BUREAU  OF  LAND  MANAGEMENT 
U.  S.  DEPARTMENT  OF  THE  INTERIOR 
DENVER  FEDERAL  CENTER 


Contract  52500-CT5-III5 
July  31,  1975 


900   28TH  STREET    BOULDER,  COLO.  80303 

Bureau  of  Land  Mansgsm^nf 

!  ri  rary 

■  CsntsP 


I 
I 


%^0^"loH 


TABLE  OF  CONTENTS 


Section  I.   Introduction 


Section  II.  Data  Collection 


Section  III.   The  Network  Model 


Section  IV.   Integration  of  Wyoming  Coal  Data 


Bureau  of  Land  Management 

Library 

Denver  Service  Center 


10 


BLM  Library 
D-55SA,  Building  50 

Denver  Federal  Center 
P.O.  Box  £6047 
Denver,  CO   80225-0047 


Section  V.      Computations,    1974  and   1980 


25 


Section  VI.      Summary 


30 


Bibliography 


Future  References 


SECTION  I.   INTRODUCTION 

One  of  the  most  critical  and  sensitive  problems  facing  the  U.S.  today  is 
the  management  of  its  energy  resources.  A  significant  part  of  this  manage- 
ment program  is  the  energy  advisory  responsibilities  of  the  Bureau  of 
Land  Management.   The  recommendations  made  by  this  agency, however,  will 
only  be  as  effective  as  the  information  on  which  they  are  based. 

Looking  to  the  availability  of  an  ongoing  decision  tool,  the  Staff  con- 
tracted with  MSC,  Inc.  to  demonstrate  their  capacitated  network  model. 

The  objective  of  this  project  is  to  demonstrate  the  capability  of  MSC  to 
produce  information  which  will  aid  the  understanding  necessary  for  an 
energy  recommendation  system  such  as  that  envisioned  in  the  proposed 
EMARS  program.   The  system  includes  data  on  the  coal  cycle.  .  .  from  re- 
serve to  mine  to  transportation  to  intermediate  processing  to  final  use 
and  may  be  of  great  value  to  other  bureaus  with  the  Department  of  the 
Interior,  FEA,  ERDA,  and  others. 

MSC,  Inc.  of  Boulder,  Colorado  was  chosen  because  it  has  a  well  developed 
network  algorithm  which  is  useful  in  studying  the  complexities  of  commodity 
distribution.  This  algorithm  is  unique  in  its  speed  and  capacity  for 
simultaneous  evaluation  of  many  variables  and  constraints.   The  algorithm 
is  already  in  use  in  a  variety  of  important  applications.   Therefore,  no 
time  delays  or  development  costs  are  expected  in  making  the  system  opera- 
tional. 

MSC  also  is  experienced  in  market  (data)  research.   This  particularly 
applies  to  the  gathering  and  evaluation  of  secondary  market  data. 

As  a  demonstration,  the  scope  of  the  project  was  limited  in  terms  of  geog- 
raphy, time  of  production,  environmental  and  other  constraints.   The  study 
is  limited  to  coal  produced  in  Wyoming  in  1974  and  that  expected  to  be  pro- 
duced in  Wyoming  in  1980  if  production  terms  of  existing  contracts  are  met. 
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Clearly,  the  attainment  of  the  1980  production  figures  is  partially  con- 
tingent upon  the  issuance  of  a  number  of  coal  leases,  the  applications  for 
which  are  now  pending.  The  use  of  the  figures  should  in  no  way  be  con- 
strued as  an  assumption  that  these  leases  will  be  issued  or  even  a  recom- 
mendation for  their  issuance.   The  study  is  quite  hypothetical,  and  there- 
fore, at  this  stage  in  its  implementation,  it  ignores  many  real  world 
constraints  which  might  be  entered  in  the  proposed  expansion  of  the  pro- 
ject. 

Within  the  above  limits,  the  following  computations  were  made: 

a.  Using  1974  production  and  market  data 

1.  cost  and  efficiency  of  1974  Wyoming  coal  uses; 

2.  alternative  means  of  supplying  the  market  by  freeing  production 
sources  from  existing  contracts. 

b.  Using  projected  production  figures  based  on  existing  contracts  for 
1980  deliveries 

1.  cost  and  efficiency  of  1980  contracts  for  Wyoming  coal  production; 

2.  production  as  constrained  by  the  capacity  of  the  proposed  railroad 
spur  from  Douglas  to  Gillette; 

3.  impact  of  FEA  coal  conversion  orders  on  Wyoming  coal  production. 

The  reader  of  this  report  must  keep  in  mind  that  this  was  a  feasibility 
and  demonstration  project.   The  level  of  effort  was  necessarily  limited 
and  therefore  time  did  not  permit  the  participants  to  gain  access  to  all 
of  the  available  material  along  with  the  necessary  verification  and  re- 
finement of  the  statistics. 
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SECTION  II.   DATA  COLLECTION 

The  initial  phase  of  this  research  task  required  the  identification  and 
collection  of  meaningful  data.   The  research  focused  on  production, 
transportation,  and  first  market  consumption  of  Wyoming  coal.   In  the 
course  of  this  effort,  valuable  sources  on  other  key  aspects  of  the 
energy  network, such  as  water  resources, were  uncovered.  Although  this 
data  was  not  integrated  at  this  time,  it  will  provide  a  useful  input 
for  future  expansions. 

Data  was  collected  primarily  from  published  reports.   This  material 
was  then  spot  verified  by  industry  contacts.   Specific  sources  are 
documented  in  the  bibliography.  Where  conflicting  data  existed,  MSC 
utilized  the  most  consistent  and/or  the  most  recent  information. 

Obtaining  accurate  cost  figures  proved  to  be  a  difficult  task  because 
of  their  confidentiality.   There  have  been  no  satisfactory  objective 
studies  or  reports  made  in  this  area.  MSC  is,  however,  confident  that 
the  cost  equations  utilized  are  consistent  indicators  of  the  actual  cost 
structure  of  the  industry. 


A  General  Overview  of  Wyoming  Coal;   1974  and  1980 

There  were  15  operating  mines  in  Wyoming  in  1974  with  a  total  production 
of  20,700  thousand  tons  of  coal  (see  Table  II-l). 

Of  the  7  captive  mines,  5  operated  mine  mouth  plants:   Jim  Bridger,  Gunn 
Quealy  (coke),  Sorenson,  Dave  Johnson,  and  Acme.   The  entire  production 
of  Energy  Development's  Vanguard  and  Rimrock  mines  was  dedicated  to  Iowa 
Public  Service's  George  Neal  Plant  in  Salix,  Iowa.   Wyodak  Resources  (a 
subsidary  of  Black  Hills  Power  and  Light)  production  was  dedicated  to 
two  steam  electric  plants  in  Wyoming  and  to  two  plants  in  South  Dakota. 
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7  Captive  Mines 
Jim  Bridger 
Gunn  Quealy 
Sorenson 

Dave  Johnston 

Acme 

Vanguard,  Rimrock 

Wyodak 


-4- 

Table  II-l 
1974  MINE  DATA  (TON) 


Operator 

Pacific  Power 

Kemmerer 

Kemmerer  (Utah 
Power  &  Light) 

Pacific  Power 

Welch 

Energy  Development 
(Iowa  Public  Service) 

Wyodak  Resources 
(Black  Hills  P  &  L) 


Estimated 

Production 

County 

K  Tons 

Sweetwater 

1000 

Sweetwater 

100 

Lincoln 

2500 

Converse 

2800 

Sheridan 

18 

Carbon 

1000 

Campbell 

622 

8040 


5  Marketing  Mines 
Seminoe 
Belle  Ayr 
Elkol 
Rosebud 
Big  Horn 


Arch  Mineral 
AMAX 
Kemmerer 
Peter  Kiewit 
Peter  Kiewit 


Carbon 

Campbell 

Lincoln 

Carbon 

Sheridan 


5500 
3400 

950 
1880 

918 


12,648 


3  Domestic  Mines 


East  Antelope 

Best 

Converse 

1 

Grass  Creek 

NW  Resources 

Hot  Springs 

8 

Roncco 

Roncco 

Hot  Springs 

3 

12 

20,700 
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The  five  marketing  mines  shipped  coal  to  markets  in  the  following  14 
states:  Wyoming,  Utah,  Montana,  Idaho,  Oregon,  South  Dakota,  Nebraska, 
Iowa,  Colorado,  Kansas,  Missouri,  Illinois,  Indiana,  and  Wisconsin. 

The  three  domestic  mines  marketed  to  local  coal  vendors  on  a  relatively 
small  scale  basis.   Production  out  of  the  Powder  River  Basin 
was  transported  on  Burlington  Northern.   The  Hams  Fork  and  Green  River 
regions  are  serviced  by  Union  Pacific.   The  Hanna  Basin  mines  are  accessed 
by  Union  Pacific. 

In  1980,  Wyoming  coal  production  is  estimated  to  be  99,100  K  tons  (from 
23  operating  mines).   This  represents  an  increase  of  almost  400%  over  the 
1974  production  of  20,700  K  tons  and  9  new  operating  mines  (see  Table  II-2) 

The  marketing  area  for  1980  will  include  existing  markets  (1974)  as  well 
as  Arkansas,  Louisiana,  Texas  and  Oklahoma. 

Proposed  new  transportation  links  include  a  Burlington  Northern  and  C  &  NW 
rail  link  from  Gillette  to  Douglas  and  a  slurry  pipeline  from  the  Kerr- 
McGee  mine.   The  proposed  pipeline  passes  near  Little  Rock,  Arkansas  and 
continues  on  to  Southwestern  Louisiana. 
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Table 

II-2 

1980  MINE 

DATA 

(TON) 

Estimated 

Operator 

County 

Production 
K  Tons 

11  Captive  Mines 

Jim  Bridger 

Pacific  Power 

Sweetwater 

7500 

Dave  Johnston 

Pacific  Power 

Converse 

2800 

Gunn  Quealy 

Kemmerer 

Sweetwater 

200 

FMC 

FMC 

Sweetwater 

2000 

S or ens on 

Kemmerer 

Lincoln 

4000 

Rochelle 

Rochelle 

Campbell 

11000 

Kerr-McGee 

Kerr-McGee 

Campbell 

9359 

Black  Butte 

Idaho  Power 

Sweetwater 

4500 

Vanguard,  Rimrock 

Energy  Development 

Carbon 

2500 

Wyodak 

Wyodak  Resources 

Campbell 

2122 

Stansbury 

Ideal  Basic 

Sweetwater 

1000    46,981 

9  Marketing  Mines 

Seminoe 

Arch  Mineral 

Carbon 

6500 

Rosebud 

Peter  Kiewit 

Carbon 

2500 

Big  Horn 

Peter  Kiewit 

Sheridan 

1600 

Belle  Ayr 

AMAX 

Campbell 

22800 

Medicine  Bow 

Arch,  UP 

Carbon 

1900 

Elkol 

Kemmerer 

Lincoln 

1200 

N.  Rawhide 

Exxon 

Campbell 

5000 

Belle  Fourche 

Sunoco 

Campbell 

3800 

Black  Thunder 

Atlantic  Richfield 

Campbell 

6800    52.100 

3  Domestic  Mines 

East  Antelope 

Best 

Converse 

1 

Grass  Creek 

NW  Resources 

Hot  Springs 

15 

Roncco 

Roncco 

Hot  Springs 

3        19 

99,100 
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SECTION  III.   THE  NETWORK  MODEL 

Management  of  coal  reserves  maximizes  the  efficient  use  of  the  BTU  content. 
The  process  of  converting  raw  reserves  to  useful  energy  may  be  summarized 
as  four  steps  or  processes: 

Extraction 
Transportation 
Conversion 
Distribution 

At  each  of  these  steps  it  is  possible  to  define: 

Capacity  (min  and  max) 

Costs 

Efficiency 

The  problem  is  to  apply  these  characteristics  to  each  step  of  the  process 
to 

-  define  the  most  cost-effective  relationship  of  the  steps 

-  evaluate  alternatives  given  one  or  more  constraints  (i.e.,  a  major 
mine  is  closed,  a  new  rail  link  is  opened,  industry  demands  change 
power  requirements,  government  regulations  alter  the  process,  etc.) 

This  can  be  done  most  effectively  with  a  computerized  model.   The  model 
is  a  multi-stage  representation  of  the  steps  in  the  coal  cycle.   For  each 
step,  we  reduced  capacities  to  a  basic  energy  unit  for  consistent  calcu- 
lations throughout  the  process.  We  used  the  industry  standard  of  100 
million  BTU  which  allows  for  expansion  for  other  energy  resources  at  a 
later  time.  Also  for  each  step,  efficiency  was  converted  to  a  BTU  penalty 
in  order  to  be  able  to  compare  the  effect  of  alternatives  and  constraints. 

In  mathematical  terms,  the  model  is  formulated  as  a  generalized  capaci- 
tated network  flow  problem.   This  formulation  was  used  because  a  highly 
effective  computer  program,  the  network  code,  developed  by  MSC  is  parti- 
cularly well  suited  for  solving  this  type  of  problem.   This  code  is  several 
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orders  of  magnitude  more  capable  in  terms  of  speed  and  network  size  than 
available  linear  programming  computer  codes.   Linear  programming  is  the 
only  competing  alternative  solution  method. 

The  technical  innovations  underlying  our  procedure  were  made  by  MSC 
associates  Dr.  Fred  Glover  and  Darwin  Klingman.  A  survey  and  technical 
discussion  of  their  work,  together  with  a  full  bibliography,  is  discussed 
in  their  recent  paper  in  the  ACM  Transactions  on  Mathematical  Software, 
Vol.  1,  No.  1,  March  1975,  pp.  47-55.   Further,  this  modeling  approach 
has  recently  been  applied  to  a  number  of  significant  large  scale  applica- 
tions in  government  and  industry.   The  network  code  is  implemented  as  a 
FORTRAN  language  application  program. 

Our  network  model  of  Wyoming  coal  is  cost  minimizing  across  all  stages. 
However,  it  also  has  the  unique  feature  of  imposing  a  penalty  cost  at 
each  stage  on  the  loss  of  energy  during  the  various  succeeding  stages 
from  mine  to  end  use.   This  cost  is  always  fairly  and  uniformly  applied, 
thus  making  it  an  important  measure  to  compare  such  trade-offs  as  locating 
a  steam  plant  at  mine  mouth  with  its  greater  transmission  line  loses 
verses  hauling  the  coal  to  a  plant  located  in  the  utility's  service  area. 

The  model  functions  by  pulling  the  end  BTU  demand  in  each  market  through 
the  conversion,  transportation,  and  mining  stages;  all  simultaneously  in 
a  cost  minimizing  competition.   Each  mine  (or  other  energy  resource)  is 
assigned  a  capacity  in  BTU  units  that  it  can  produce  during  the  year.   Its 
production  is  not  allowed  to  exceed  this  capacity. 

The  capacity  of  a  mine  is  artificially  adjusted  upward  above  the  BTU  con- 
tent of  its  maximum  coal  production  to  allow  for  energy  resources  that 
will  be  consumed  in  the  mining  and  transportation  stages.   The  cost  of 
these  fuel  oils  and  other  energy  sources  is  included  in  the  unit  cost  at 
each  stage.   The  BTU  units  required  to  move  the  coal  energy  along  its 
cycle  are  a  multiplier  in  the  penalty  cost  imposed  at  later  stages.   For 
example,  if  a  mining  cost  was  21<;  per  million  BTU's  and  the  rail  efficiency 
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was  .95  to  a  given  market,  and  2,000  million  BTU  units  were  shipped,  then 
the  penalty  cost  would  be 

.21  (2000/. 95  -  2000)  =  $22.10 

If  another  mine  producing  at  the  same  cost,  but  closer  to  the  market  and 
having  a  .98  transportation  efficiency,  could  have  supplied  this  demand, 
the  penalty  cost  would  be 

.21  (2000/. 98  -  2000)  =  $8.57 

Examples  of  other  constraints  that  could  be  imposed  in  addition  to  mine 
capacity  are  supply  contracts,  regional  production  limits  due  to  environ- 
mental factors,  rail  shipping  route  limitations,  regional  demand  limita- 
tions, and  fuel  substitutability  requirements.   Some  of  these  constraints 
are  discussed  in  Section  V.   The  various  cost  and  efficiency  definitions 
are  made  explicit  in  Section  IV. 
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SECTION  IV.   INTEGRATION  OF  WYOMING  COAL  DATA 

This  section  consists  of  three  parts.   The  first  part  discusses  the  way 
the  1974  and  1980  data  was  organized.   Secondly,  the  assumptions  and 
formulas  used  to  integrate  the  data  into  the  1974  and  1980  models  are  given. 
And  finally,  the  third  part  presents  the  data  in  units  of  1000  tons  (shown 
as  K  tons)  and  then  in  units  of  100  million  BTU's  (shown  as  100MBTU),  as 
it  was  supplied  to  the  computer  program  as  input  data. 


Data  Organization 

The  1974  data  is  organized  by  producing  mine  except  where  there  are  two 
or  more  nearby  mines  operated  by  the  same  company  which  also  market  to 
the  same  kinds  of  customers.   For  example,  Arch  Mineral's  Seminoe  1  and 
2  are  consolidated  in  the  model.   There  are  also  three  small  mines  pro- 
ducing for  the  so  called  domestic  market  (e.g.,  a  state  hospital  complex 
with  a  coal  boiler).   These  mines  are  listed,  but  they  were  not  included 
in  the  model  because  none  of  their  markets  rounded  up  to  a  100MBTU  unit. 
In  1974  these  producers  represented  only  about  .058%  of  the  total,  and 
in  1980  only  about  .015%  of  the  total. 

Each  mine  was  assigned  a  production  amount  and  each  market  was  assigned 
a  purchased  amount  from  each  supplier.  Assignments  of  production  to 
mines  and  purchases  in  markets  were  made  using  contract  information, 
various  published  estimates  and  reports,  and  FPC  reports.   Provision  was 
also  made  for  utilities  to  obtain  about  10%  of  their  forecast  needs  in 
the  spot  market.   The  sum  of  the  purchases  equaled  the  sum  of  production 
by  mine. 

The  1980  assignments  were  factored  to  match  an  integral  number  of  unit 
trains  serving  each  market.   The  load  range  of  one  unit  train  is  9-11 
K  tons.   The  number  of  trips  per  year  was   approximated  based  on  esti- 
mated round  trip  travel  time  to  the  given  destination  (allowing  for  a 
maintenance  factor) . 
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Only  mines  with  announced  contracts  were  included  in  1980  production. 
The  proposed  energy  conversion  operations  of  Texaco  and  Mobile  were  not 
included.   It  is  still  uncertain  if  some  of  the  mines  that  were  included 
will  actually  be  in  production  by  1980.   For  example,  the  Black  Butte 
mine  of  Idaho  Power  has  a  large  lease  application  still  pending  under 
the  current  moratorium.   The  demand  impact  of  delayed  production  from  any 
given  mine  upon  the  other  mines  can  be  easily  determined  from  calcula- 
tions with  the  model. 

Markets  were  consolidated  where  applicable.   For  instance,  the  greater 
Kansas  City  metro  area  (in  both  Kansas  and  Missouri)  is  served  by  three 
different  electric  utility  companies  which  satisfy  a  portion  of  their 
energy  needs  with  Wyoming  coal.  A  similar  situation  exists  in  Omaha  and 
Council  Bluffs.  Also,  the  several  steam  plants  in  the  Denver  market 
operated  by  the  Public  Service  Company  of  Colorado  were  consolidated. 


Assumptions  and  Formulas 

Several  assumptions  are  key  to  understanding  the  rationale  behind  the 
various  cost  and  efficiency  estimates  included  in  the  1974  and  1980  models, 
Discussion  of  each  assumption  follows. 

a.   Cost 

Satisfactory  objective  mine  costs  were  not  readily  available  due  to  their 
confidentiality.   A  basic  cost  structure  was  derived  from  Bureau  of  Mines 
cost  studies, from  FPC  listed  coal  prices  (with  transportation  costs  fac- 
tored out)  and  from  the  State  of  Montana  Revenue  Department.   Initial  cost 
estimates  were  refined  by  incorporating  considerations  for  deep  mines 
versus  surface  mines  and  by  taking  into  account  the  terrain  of  the  area. 


Katell,  Sidney  and  E.  L.  Hemingway,  "Basic  Estimated  Capital  Investments 
and  Operating  Costs  for  Coal  Strip  Mines",  IC  8661,  U.S.  Department  of 
Interior,  1975. 

Katell,  Sidney  and  E.  L.  Hemingway,  "Basic  Estimated  Capital  Investments 
and  Operating  Costs  For  Underground  Bituminous  Coal  Mines",  IC  8632, 
U.S.  Department  of  Interior. 
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We  are  well  aware  that  mine  equipment  cost  has  recently  been  hard  hit  by 
both  inflation  and  greatly  increased  demand.   Thus,  new  mines  and  mines 
undergoing  large  expansion  were  assigned  higher  costs.   The  range  of  mine 
costs  used  in  the  1974  model  is  $2.00  to  $4.34  per  ton. 

The  rail  cost  formula  was  established  from  tariffs  filed  with  the  ICC. 
FPC  coal  price  listings  for  Wyodak's  mine  mouth  plant  were  compared  to 
Wyodak's  shipped  coal  price  to  refine  the  formula.   The  cost  formula 
assumes  an  empty  return  of  hopper  cars,  although  some  cars  return  ash 
from  steam  plants  for  burial  in  the  mine  pit. 

Basic  train  mileage  rates  utilized  were  as  follows: 

$.007  for  intrastate 
.008  for  interstate 

.0065  if  the  utility  owns  the  hopper  cars 
.001  discount  is  given  for  trips  over  500  miles 

Fixed  charges  were  assumed  as  follows: 

$1.00  per  ton  for  loading  and  unloading 

.70  per  ton  for  loading  and  unloading  a  unit  train 
.40  per  ton  junction  penalty 
1.50  per  ton  extra  if  junction  is  at  or  past  Chicago  to  an 
eastern  railroad 

Quantity  discounts  were  incorporated  as  follows 
K  tons         Reduction 


500 

10% 

1000 

20% 

1250 

25% 

1500 

30% 

2000 

40% 

In  general,  the  formula  is  £miles  x  (mileage  rate)  +  fixed  charge]  x 
1  -  quantity  discount. 


Examples: 


Wyodak  to  Lead,  SD 

250  miles ,  low  volume 

cost  is  250(.0Q8)  +  1.00  =  $3.00/ton 

Gillette  to  Pueblo,  CO 

600  miles,  1700  K  ton  volume 

cost  is      C600    (.0065-. 001)   +   .70]    .66  =   $2.64/ton 
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The  operating  cost  for  an  industrial  user  burning  coal  is  assumed  to  be 
zero,  as  is  the  cost  of  operating  an  energy  conversion  facility.   These 
costs  were  assumed  to  be  zero  because  no  further  stages  beyong  the  first 
use  of  coal  are  included  in  the  model  at  this  time.   Future  logical  ex- 
tensions are  the  electric  power  distribution  grid  and  the  natural  gas 
distribution  pipelines. 

All  cost  figures  in  tons  were  adjusted  a  few  cents  to  correspond  exactly 
to  the  cents  per  million  BTU  figures  actually  used  in  the  computations. 
This  is  a  numerical  accuracy  problem  as  we  are  using  two  place  accuracy 
only  in  the  BTU  costs  and  three  places  in  the  ton  costs.  All  costs  are 
in  1974  dollars. 

b.   Efficiency 

Efficiency  formulas  were  established  to  incorporate  the  energy  consumed 

in  each  stage  in  the  cycle. 

Mine  efficiency  is  defined  as  follows: 

■,  _  BTU's  consumed 
BTU's  extracted 

Mine  efficiency  was  estimated  at  97.5%  on  the  average1.   This  efficiency 
was  then  adjusted  for  the  differing  BTU  contents  of  the  mines. 

Transportation  efficiency  is  defined  as: 

BTU's  consumed 


1  - 


BTU's  transported 

Katell,  Sidney  and  E.  L.  Hemingway,  "Basic  Estimated  Capital  Investments 

and  Operating  Costs  for  Coal  Strip  Mines",  1C  8661,  U.S.  Dept.  of  Interior  1975. 

Katell,  Sidney  and  E.  L.  Hemingway,  "Basic  Estimated  Capital  Investments 
and  Operating  Costs  for  Underground  Bituminous  Coal  Mines",  IC  8632,  U.S. 
Department  of  Interior. 

Nielson,  George  P.,  Editor-in-Chief , 1974  Coal  Mine  Directory  -  United 
States  and  Canada.  Keystone  Coal  Industry  Manual,  McGraw-Hill,  1974. 

Smith,  Joseph,  Liason  Office,  Bureau  of  Mines,  Denver  Federal  Center, Denver,  CO 
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The  rail  efficiency  was  set  at  a  .5%  BTU  loss  per  100  miles  when  hauling 
10,000  BTU  per  pound  coal.1  The  derived  slurry  efficiency  was  shown  to 
sustain  a  .54%  BTU  loss  per  100  miles  with  8,500  BTU  per  pound  coal. 

The  steam  plant  efficiencies  were  calculated  from  the  National  Coal 
Association's  "Steam  Electric  Factors"  when  complete  information  was 
available.  When  several  plants  were  consolidated  in  one  market,  a 
weighted  average  was  used.  When  no  data  was  available  it  was  assumed 
that  very  small  old  plants  have  a  25%  efficiency,  larger  plants  have 
a  30%  efficiency  and  new  giant  plants  will  have  a  35%  efficiency.   The 
ideal  thermodynamic  efficiency  limit  is  39%.   The  formula  for  conversion 
efficiency  is: 

BTU's  consumed 
BTU's  generated 

Industrial  users  were  assumed  to  have  an  efficiency  of  1  at  this  stage. 


Mooz,  W.  E, ,  "The  Effect  of  Price  Increases  on  Energy  Intensiveness  of 
Freight  Transport",  Rand,  R-804-NHF,  National  Science  Foundation, 
September,  1971. 
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Data  Input 

The  1974  mine  data  is  presented  in  tons  in  Table  IV-1 


Table  IV-1 
1974  MINE  DATA  (TON) 


Mine 
Jim  Bridger 

Operator 
Pacific  Power 

County 
Sweetwater 

Estimated 

Production 

K  tons 

Assigned 

Capacity 

K  Tons 

1500 

Estimated 
Ton  Cost 
($) 

1. 

1000 

3.51 

2. 

Gunn  Quealy 

Kemmerer 

Sweetwater 

100 

200 

4.34 

3. 

Sorenson 

Kemmerer 

Lincoln 

2500 

3000 

3.48 

4. 

Dave  Johnston 

Pacific  Power 

Converse 

2800 

3000 

3.37 

5. 

Acme 

Welch 

Sheridan 

18 

20 

2.14 

6. 

Vanguard,  Rimrock 

Energy  Development 

Carbon 

1000 

1000 

4.14 

7. 

Wyodak 

Wyodak  Resources 

Campbell 

622 

700 

2.00 

8, 

Seminoe 

Arch  Mineral 

Carbon 

5500 

6000 

3.83 

9. 

Belle  Ayr 

AMAX 

Campbell 

3400 

3400 

3.00 

10. 

Elkol 

Kemmerer 

Lincoln 

950 

1000 

3.89 

11. 

Rosebud 

Peter  Kiewit 

Carbon 

1880 

2000 

3.79 

12. 

Big  Horn 

Peter  Kiewit 

Sheridan 

918 

1000 

3.66 

13. 

East  Antelope 

Best 

Converse 

1 

1 

2.50 

14. 

Grass  Creek 

NW  Resources 

Hot  Springs 

8 

10 

2.50 

15. 

Rone co 

Roncco 

Hot  Springs 

3 

4 

3.50 

20,700 


22,835 


-16- 


Table  IV- 2  presents  the  mine  data  in  100MBTU  units  as  it  was  integrated 
in  the  model. 


Table  IV- 2 
1974  MINE  DATA  (BTU) 


Mine 

BTU/ lb  (000) 

Assigned 
Capacity 
100  MBTU1 

Estimated 
Final  Demand 
100  MBTU 

Estimated 
Efficiency 

Uftfs? 

Estimated 
Cost  per 
100  MBTU 

1. 

Jim  Bridger 

9.0 

315 

63 

.975 

19 

2. 

Gunn  Quealy 

10.1 

50 

20 

.977 

21 

3. 

Sorenson 

10.0 

690 

175 

.977 

17 

4. 

Dave  Johnston 

7.8 

540 

153 

.971 

21 

5. 

Acme 

9.5 

5 

1 

.975 

11 

6. 

Vanguard,  Rimrock 

10.1 

230 

73 

.911 

20 

7. 

Wyodak 

7.9 

135 

34 

.971 

12 

8. 

Seminoe 

10.4 

1404 

374 

.978 

18 

9. 

Belle  Ayr 

8.6 

670 

197 

.974 

17 

10. 

Elkol 

10.0 

225 

190 

.977 

19 

11. 

Rosebud 

10.3 

464 

132 

.978 

18 

12. 

Big  Horn 

9.4 

212 

53 

.975 

19 

4940 


1465 


MBTU  -  million  BTU's 

2  Efficiency  =  1  -  BTU's  consumed 
3  BTU's  mined 


The  1974  market  data  is  presented  in  Table  IV- 3, 
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1 

Table  IV- 3 
1974  MARKET  DATA 

(BTU) 

Est. 

2 
Conver. 

Type    Eff. 

Est. 

Est. 

Rail  Cos 

Demand 

Un: 

Lt 

Rail 

Rail 
Eff. 

Per 

p 

Mine 

100  M3TU 

Tra. 

Lr.s 

Miles 

100  M3TU 

Mine  Mouth 

Jim  Bridger 

E      .35 

63 

Markets 

1 

Gunn  Quealy 

I     1.00 

20 

Sorenson 

E      .35 

175 

Dave  Johnson 

E      .35 

153 

1 

Acme 

E      .25 

1 

Mine 

mnguard , 
Mmrock, 
Energy  Dev. 

Market  Area 
Salix,  IA 

E      .36 

73 

1 

735 

.964 

19 

I 


toodak, 

Lead,  SD 

Modak  Res. 

Rapid  City,  SD 

Osage,  WY 

1 

Seminoe  Mine 

Mouth 

Chicago 

Arch  Mineral 

Waukegan,  IL 

: 

Dixon,  IL 

1 

Milwaukee 

Hammond ,  IN 

1 

Kansas  City 

Independence 

1 

Clinton,  MO 

Salix,  IA 

Mile  Ayr, 
MtAK 

Burlington,  IA 

Pueblo,  CO 

1 

Denver 

Boulder,  CO 

1 
I 
1 


E 

E 

E 
E 

E 
E 
E 
E 
E 
E 
E 
E 
E 

E 
E 

E 
E 


E  -  Steam  Electrical  Power  Plant 
I  -  Industry 
I   _ _ , .  .       BTU's  generated 
BTU's  Burned 


22 

4 

27 

10 

30 

10 

30 

10 

30 

34 
4 

33 

106 

29 

8 

35 

56 

33 

106 

31 

64 

30 

8 

30 

11 

36 

11 

374 

34 

35 

35 

102 

33 

44 

32 

16 

197 

0 

250 

.984 

19 

0 

290 

.982 

23 

0 

75 

.995 

10 

0 

1120 

.946 

42 

2 

1140 

.945 

23 

0 

1025 

.951 

39 

1 

1195 

.943 

25 

2 

1125 

.946 

32 

1 

680 

.967 

22 

0 

700 

.966 

30 

0 

755 

.963 

32 

0 

735 

.965 

31 

1 

850 

.951 

32 

2 

600 

.965 

15 

0 

500 

.971 

21 

0 

525 

.970 

22 

Efficiency 


Efficiency  =  1  - 


BTU's  consumed 
BTU's  transported 
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1974  MARKET  DATA  (BTU) 


Mine 


Market  Area 


Elkol,    Ogden 

Kemmerer 


Pocatello 
Green  River,  WY 
North  Platte,  NE 
Laramie 
Portland 


Rosebud  Acme,  WY 
Peter 


Kiewit 


Big 
Horn, 
Peter 
Kiewit 


Grand  Island,  NE 
Kansas  City 
Havana,  IL 
Billings,  MT 
Marshalltown,  IA 
Mitchell,  SD 
Sioux  Falls,  SD 
Aberdeen,  SD 

Cheyenne 

Rawlings 

Lincoln 

Omaha  -  Council  Bluffs 

Des  Moines 

Chicago 

Cedar  Rapids 

Denver 

Boulder 


Type 

I 
I 
I 
I 
I 
I 

E 

I 

E 
E 
I 

E 
E 
E 
E 

I 
I 
E 
E 
E 
E 
E 
E 
E 


2   Est' 

Conver.   Demand 

Eff.    100  MBTU 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

.25 
1.00 
.31 
.27 
1.00 
.30 
.20 
.25 
.19 

1.00 
1.00 
.30 
.33 
.27 
.30 
.30 
.33 
.32 


6 

36 

120 

4 

10 

14 
190 

1 

2 

23 

13 

4 

3 

! 

5 

_1 
53 

4 

10 

4 

39 

14 

15 

6 

24 

J_6 
132 


Unit 
Trains 

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 


Rail 


Est. 
Rail, 


Miles   Eff." 


140 
140 
80 
500 
255 
790 

0 
585 
855 
1095 
345 
975 
795 
865 
735 

115 
55 
620 
660 
790 
1120 
915 
395 
420 


.993 
.993 
.996 
.975 
.987 
.961 

1.000 
.969 
.955 
.942 
.982 
.948 
.958 
.954 
.961 

.994 
.997 
.970 
.968 
.962 
.946 
.956 
.980 
.979 


Est. 
Rail  Cost 

Per 
100  MBTU 

11 

11 
8 
23 
14 
32 


G 
28 
36 
43 
20 
42 
39 
42 
36 

9 
7 

28 

29 

33 

42 

37 

19 

20 


Fi 

i 


E  -  Steam  Electrical  Power  Plant 
I  -  Industry 

Efficiency  =  BTU'S  generated 
y        BTU's  burned 

Efficiency  =  1  -  BTU'S  consumed 

BTU's  transported 
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1980  mine  data  in  tons  is  presented  in  Table  IV-4. 

Table  IV-4 
1980  MINE  DATA  (TON) 


Mine 
Jim  Bridger 

Operator 
Pacific  Power 

County 
Sweetwater 

Estimated 

Production 

K  tons 

Assigned 

Capacity 

K  tons 

8000 

Estimated 
Ton  Cost 
($) 

1. 

7500 

3.51 

2„ 

Dave  Johnston 

Pacific  Power 

Converse 

2800 

3000 

3.37 

3. 

Gunn  Quealy 

Kemmerer 

Sweetwater 

200 

280 

4.34 

4. 

FMC 

FMC 

Sweetwater 

2000 

2500 

3.96 

5. 

Sorenson 

Kemmerer 

Lincoln 

4000 

4500 

3.48 

6. 

Rochelle 

Rochelle 

Campbell 

11000 

13000 

3.95 

7. 

Seminoe 

Arch  Mineral 

Carbon 

6500 

8000 

3.83 

80 

Rosebud 

Peter  Kiewit 

Carbon 

2500 

5000 

3.79 

9. 

Big  Horn 

Peter  Kiewit 

Sheridan 

1600 

2000 

3.66 

10. 

Belle  Ayr 

AMAX 

Campbell 

22800 

30000 

3.53 

11. 

Medicine  Bow 

Arch,  UP 

Carbon 

1900 

3000 

3.89 

12. 

Elkol 

Kemmerer 

Lincoln 

1200 

1500 

3.89 

13. 

Kerr-McGee 

Kerr-McGee 

Campbell 

9359 

10000 

4.01 

14. 

Black  Butte 

Idaho  Power 

Sweetwater 

4500 

6000 

4.17 

15. 

Vanguard,  Rimrock 

Energy  Dev. 

Carbon 

2500 

3000 

4.14 

16. 

Wyodak 

Wyodak  Resources 

Campbell 

2122 

3000 

2.44 

17. 

Stansbury 

Ideal  Basic 

Sweetwater 

1000 

1200 

18. 

N.  Rawhide 

Exxon 

Campbell 

5000 

12000 

19. 

Belle  Fourche 

Sunoco 

Campbell 

3800 

6000 

20. 

Black  Thunder 

Atlantic  Richfield 

Campbell 

6800 

9000 

21. 

East  Antelope 

Best 

Converse 

1 

1 

2.50 

22. 

Grass  Creek 

NW  Resources 

Hot  Springs 

15 

15 

2.50 

23. 

Roncco 

Roncco 

Hot  Springs 

3 

4 

3.50 

99,100 


131,000 
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The  1980  mine  data  as  it  was  integrated  in  the  model  is  presented  in 
Table  IV- 5. 

Table  IV- 5 


1980  MINE  DATA  (BTU) 


Mine 

BTU/lb 
(000) 

Assigned 
Capacity 
lOOMBTU 

Estimated 
Final  Demand 
lOOMBTU 

Est.- 
Eff. 

Est. 
Cost  per 
lOOMBTU 

1. 

Jim  Bridger 

9.0 

1650 

473 

.975 

19 

2. 

Dave  Johnston 

7.8 

540 

153 

.971 

21 

3. 

Gunn  Quealy 

10.1 

65 

40 

.977 

21 

4, 

FMC 

10.2 

585 

408 

.978 

19 

5. 

Sorenson 

10.0 

1035 

280 

.977 

17 

6. 

Rochelle 

8.0 

2390 

1496 

.972 

24 

7o 

Seminoe 

10.4 

1910 

437 

.978 

18 

8„ 

Rosebud 

10.3 

1180 

176 

.978 

18 

9. 

Big  Horn 

9.4 

435 

100 

.975 

19 

10. 

Belle  Ayr 

8.6 

5930 

1313 

.974 

20 

11. 

Medicine  Bow 

10.0 

690 

129 

.977 

19 

12. 

Elkol 

10.0 

350 

240 

.977 

19 

13. 

Kerr-McGee 

8.5 

1960 

551 

.974 

23 

14. 

Black  Butte 

9.7 

1340 

306 

.977 

21 

15. 

Vanguard,  Rimrock 

10.1 

700 

182 

.977 

20 

16. 

Wyodak 

7.9 

550 

98 

.971 

15 

17. 

Stansbury 

9.5 

260 

190 

.975 

19 

18. 

N.  Rawhide 

8.6 

2350 

301 

.974 

23 

19. 

Belle  Fourche 

8.6 

1190 

229 

.974 

23 

20. 

Black  Thunder 

8.6 

1780 
23,890 

409 
7511 

.974 

23 

G 

r 

D 


MBTU  -  Million  BTU's 


Efficiency  = 


BTU's  consumed 
BTU's  mined 


The  1980  market  data  is  illustrated  in  Table  IV-6. 


[: 
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Table  IV-5 

1980 

MARKET  DATA 

2 
Conver. 

3    Eff. 

(BTU) 

Est. 

Est. 

Est. 
Rail  Cost 

Demand 

Unit 

Rail 

Rail 
Eff. 

Per 

Mine 

Typ 

100  MBTU 

Trains 

Miles 

100  MBTU 

Mine  Mouth 

Jim  Bridger 

E 

.35 

473 

Markets 

Dave  Johnston 
Gunn  Quealy 
FMC 

Sorenson 
Rochelle 

E 
I 
I 
E 
G 

.35 

1.00 

1.00 

.35 

.85 

153 

40 

408 

280 

1496 

Mine 

Market  Area 

Seminoe, 

Arch 

Mineral 

Waukegan 
Dixon,  IL 

E 
E 

.33 
.29 

106 
15 

2 

0 

1140 
1025 

.945 
.951 

23 
39 

Milwaukee 

E 

.35 

56 

1 

1195 

.943 

25 

Hammond ,  IN 

E 

.33 

106 

2 

1125 

.946 

32 

Kansas  City 

E 

.31 

129 

2 

680 

.967 

16 

Independence 

E 

.30 

11 

0 

700 

.966 

30 

Clinton,  MO 

E 

.30 

14 
437 

0 

755 

.963 

32 

Rosebud, 

Peter 

Kiewit 

Cheyenne 
Rawlings 

L 
I 

1.00 
1.00 

10 
10 

0 
0 

115 

55 

.994 
.997 

9 
7 

Lincoln 

E 

.30 

7 

0 

620 

.970 

28 

Omaha, Council 
Bluffs 

E 

.33 

53 

0 

660 

.968 

29 

Des  Moines 

E 

.27 

17 

0 

790 

.962 

33 

Chicago 

E 

.30 

12 

0 

1120 

.946 

42 

Denver 

E 

.33 

51 

0 

395 

.980 

19 

Boulder 

E 

.32 

16 

0 

420 

.979 

20 

176 


E  -  Steam  Electric  Power  Plant 

I  -  Industry 

G  -  Coal  Gasification 

2  Efficiency  =  BTU's  generated 
3        BTU's  burned 


3  Efficiency  -  1  -  BTU's  consumed 

BTU's  transported 
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1980  MARKET  DATA    (BTU) 


Mine 

Market  Area 

Type 

2 
Conver. 

Eff. 

Est. 

Demand 

100  MBTU 

Unit 
Trains 

Rail 

Miles 

Est. 
Rail 

Eff. 

Est. 
Rail  Cost 

Per 
100  MBTU 

Big  Horn 

Peter 

Kiewit 

Billings,  Mt 
Brush,  CO 

I 

E 

1.00 
.35 

4 

72 

0 
1 

345 
390 

.982 
.979 

20 
12 

Grand  Island,  NE 

I 

1.00 

2 

0 

585 

.969 

28 

Havana,  IL 

E 

.27 

15 

0 

1095 

.942 

43 

Mitchell,  SD 

E 

.20 

1 

0 

795 

.958 

39 

Sioux  Falls,  SD 

E 

.25 

5 

0 

865 

.954 

42 

Aberdeen,  SD 

E 

.19 

1 
100 

0 

735 

.961 

36 

Belle  Ayr, 
AMAX, 

Burlington,  IA 
Kansas  City 

E 
E 

.34 
.31 

44 
53 

1 

1 

850 
760 

.951 
.956 

32 
27 

Sullivan,  IN 

E 

.35 

482 

10 

1145 

.933 

29 

Topeka 

E 

.30 

191 

4 

705 

.959 

21 

Cason,  TX 

E 

.35 

211 

5 

1220 

.929 

23 

Siloam  Springs,  AR  E 

.35 

99 

3 

950 

.945 

26 

Portland 

E 

.30 

62 

2 

1070 

.938 

35 

Denver 

E 

.33 

48 

0 

400 

.977 

19 

Boulder 

E 

.32 

17 

0 

375 

.978 

18 

Pueblo,  CO 

E 

.35 

106 
1313 

2 

500 

.971 

13 

Medicine 
Bow,  Arch 
UP 

Kansas  City 
Wheatfield.IN 

E 
E 

.31 
.35 

3 
105 

0 
2 

680 
1115 

.966 

.944 

23 

25 

Lawrence,  KS 

E 

.30 

16 

0 

650 

.968 

28 

Cedar  Rapids 

E 

.30 

5 

0 

915 

.954 

38 

129 


rn 


E  -  Steam  Electric  Power  Plant 
I  -  Industry 

Efficiency  =  gg^  generated 
J        BTU's  burned 

BTU's  consumed 


Efficiency  =  1  - 


BTU's  transported 


0 


D 
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EJ 

1980  MARKET  DATA  (BTU) 

r; 

1 

c 

Est. 

Mine 

Market  Area 

Type1 

r             2 
Conver. 

Eff. 

Est. 

Demand 

100  MBTU 

Unit 
Trains 

Rail 

Miles 

Est. 
Rail 

Eff. 

Rail  Cost 
Per 

100  MBTU 

Elkol, 

Kemraerer 

Ogden 
Pocatello 

I 
I 

1.00 
1.00 

6 
40 

0 
0 

140 
140 

.993 
.993 

11 

11 

Green  River,  WY 

I 

1.00 

160 

0 

80 

.996 

8 

N.  Platte,  NE 

I 

1.00 

4 

0 

500 

.975 

23 

c 

n 

10 

Laramie 

I 

1.00 

10 

0 

255 

.957 

14 

Kerr-McGee 

(Slurry 

Pipeline) 

Portland 

White  Bluff ,AR 
Boyce,  LA 

I 

E 
E 

1.00 

.35 
.33 

20 
240 

298 

98 

0 

0 

0 

790 

950 
1160 

.961 

.946 
.934 

32 

15 
19 

Weslake,  LA 

E 

.35 

155 
551 

0 

1245 

.929 

20 

0 

Black  Butte 
Idaho  Power 

Orchard,  ID 

E 

.35 

306 

1 

.160 

.992 

6 

1 

Vanguard, 

i 

Rimrock 
Energy 

Salix,  IA 

E 

.36 

182 

2 

735 

.964 

19 

Develop . 

c 

Wyodak, 
Wyodak  Res. 

Rapid  City,  SD 
Osage,  WY 

E 

E 

.27 
.30 

4 
10 

0 
0 

290 

75 

.982 
.995 

23 
10 

y 

Lead,  SD 

E 

.22 

4 

0 

250 

.984 

19 

Mouth 

E 

.30 

80 
98 

0 

0 

1.000 

0 
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Stansbury, 
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Ogden 

I 

1.00 

38 

0 

200 

.989 

14 

Basic 

Pocatello 

I 

1.00 

38 

0 

240 

.987 

15 

0 

i 

Cheyenne 

I 

1.00 

57 

0 

290 

.985 

16 

Denver 

I 

1.00 

57 
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1980  MARKET  DATA  (BTU) 


IZ££ 


2   Est. 
Conver.   Demand     Unit 
Eff.    100  M3TU   Trains 


Rail 


Est. 
Rail, 


Miles   Eff." 


Est. 
Rail  Cost 

Per 
100  MBTU 


North 
Rawhide , 

Michigan  City, IN 

E 

.35 

301 

7 

1140 

.934 

29 

Exxon 

Belle 

San  Antonio 

E 

.35 

169 

4 

1320 

.923 

24 

Fourche, 
Sunoco 

Wheatland,  WY 

E 

.35 

60 
229 

1 

135 

.992 

10 

Black 

Amarillo 

E 

.35 

120 

2 

770 

.958 

16 

Thunder, 
Atlantic 
Richfield 

Muskogee,  OK 
Sutherland,  NE 

E 

E 

.35 
.30 

181 
108 

3 

1 

990 
430 

.942 
.975 

26 
17 

409 
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SECTION  V.   COMPUTATIONS,  1974  AND  1980 


1974  Baseline 


The  1974  baseline  calculation  factored  all  of  the  unit  costs,  the  number 
of  units  produced  at  each  mine,  and  shipment  to  each  designated  market. 
In  addition,  the  calculation  determined  the  penalty  cost  associated  with 
railroad  efficiency. 

This  calculation  showed  an  average  1974  cost  of  $7.03  per  ton  of  Wyoming 
coal,  which  breaks  down  into  three  components:   mining  cost,  rail  cost, 
and  penalty  cost.   These  component  costs  are  $3.58,  $3.39,  and  $.06 
respectively. 


1974  Market  Competition 

There  were  five  markets  in  1974  which  had  spot  purchases  for  steam  plants, 
and  which  obtained  this  coal  from  two  Wyoming  suppliers.   In  this  calcula- 
tion, we  examined  the  most  cost-effective  way  for  these  purchases  to  have 
been  made.   The  five  markets  are  Denver,  Boulder,  Sioux  City,  Kansas  City 
and  Chicago.   The  total  demand  in  BTU  units  is  the  same  as  in  the  baseline. 
The  overall  average  cost  for  1974      dropped  to  $6.97  as  a  result  of 
opening  these  markets  to  competition  within  the  model.   A  saving  of  70 
100MBTU  units  also  occurred,  primarily  by  utilizing  more  coal  with  a  higher 
BTU  content,  and  also  from  utilizing  closer  sources  of  supply.   The 
details  of  the  change  in  purchases  are  shown  in  the  following  table. 

Market 
Denver,  Boulder 

Sioux  City 

Kansas  City 

Chicago 


Market 

% 

Suppliers 

Baseline 

Competition 

AMAX 

61 

28 

Rosebud 

39 

72 

Energy  Development 

87 

96 

Arch 

13 

4 

Big  Horn 

29 

0 

Arch 

71 

100 

Rosebud 

79 

0 

Arch 

21 

100 

I 
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The  conclusions  from  this  calculation  were: 

Rosebud  went  to  capacity  in  supplying  the  Denver-Boulder  market.   Energy 
Development  has  a  unit  train  operation  with  a  low  rail  cost  to  Sioux  City; 
their  mine  went  to  capacity.  Arch  is  more  competitive  in  Kansas  City  than 
Big  Horn.   Arch  and  Rosebud  are  a  near  tie  in  Chicago,  and  Rosebud  realized 
the  Denver  opportunity. 


1980  Baseline 


The  1980  baseline  calculation  again  multiplied  all  of  the  unit  costs  times 
the  number  of  units  produced  at  each  mine  and  transported  to  each  initial 
market.   The  calculation  also  determined  the  penalty  cost.  This  calcula- 
tion showed  an  average  cost  of  $6.82  per  ton.   The  cost  components  are 
mining  $3.77,  $2.90  transportation,  and  a  $.15  penalty. 


1980  Rail  Congestion 

The  1980  baseline  calculation  assumed  that  the  new  rail  link  jointly  pro- 
posed by  the  BN  and  C&NW  railroads  between  Gillette  and  Douglas  had  been 
completed.   This  line  primarily  serves  the  Powder  River  mine's  southern 
markets.   These  markets  are  primarily  in  Colorado,  Oklahoma  and  Texas. 
The  line  would  also  serve  the  Wheatland,  Wyoming  power  plant  and  all  eastern 
markets  of  Atlantic  Richfield' s  Black  Thunder  mine.   If  the  rail  link  is 
not  built,  the  Black  Thunder  mine  could  not  operate.   Its  contracts  would 
likely  have  to  be  assumed  by  other  Powder  River  mines  with  excess  capacity 
like  those  of  Sunoco,  AMAX,  and  Exxon  which  do  not  depend  on  the  new  rail 
link,  but  would  save  about  100  rail  miles  to  their  southern  markets  by 
using  it. 

The  capital  cost  estimate  for  this  rail  link  is  30  million  dollars.   It 
would  be  extensively  used.   Our  1980  baseline  model  indicates  a  traffic 
load  of  41  empty  and  41  loaded  unit  trains  per  week.   The  Eastward  BN 
rail  link  from  Gillette  would  carry  a  load  of  36  empty  and  36  loaded  coal 
trains  per  week.   Without  the  Douglas  link,  the  Eastward  Gillette  link 
would  have  to  handle  154  trains  per  week  or  22  trains  per  day.   However, 


D 


D 
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this  segment  is  currently  a  single  track.   Numerous  passing  sidings  would 
have  to  be  constructed  and  near  perfect  scheduling  of  the  unit  trains 
would  be  required  by  the  BN.   This  seems  to  be  a  near  impossible  task  in 
that  the  round  trip  cycle  time  of  each  train  varies  and  the  siding  at  a 
mine  could  likely  handle  at  most  two  trains  at  any  time.  Weather  problems, 
other  rail  traffic,  and  schedule  conflicts  are  likely  to  cause  considerable 
difficulty.   If  this  traffic  can  somehow  be  handled,  it  is  unlikely  that 
much  more  additional  production  would  be  possible.   In  contrast,  the  1980 
baseline  model  indicates  that  the  UP  double  track  east  of  Hanna  would 
carry  only  30  unit  trains  per  week. 

The  rail  congestion  calculation  indicates  an  average  extra  rail  cost  of 
$.71  per  ton  if  the  Douglas  link  is  not  built,  an  overall  increment  of 
$.13  to  the  baseline  transportation  component.   This  is  a  total  extra 
cost  in  1980  of  $13.3  million.   Thus,  a  3  year  payback  could  be  expected, 
which  is  very  rapid  for  railroads. 


1980  FEA  Ordered  Fuel  Substitutions 


The  FEA  recently  ordered  a  number  of  utilities  to  convert  their  boilers 
from  gas  and  oil  to  coal.   Each  of  these  plants  already  had  a  coal  burning 
capability.   Of  the  plants  ordered  to  convert,  a  number  of  them  are  in  the 
Wyoming  coal  marketing  area.   In  fact,  seven  of  the  markets  in  the  base- 
line model  contain  plants  affected  by  this  conversion  order. 

We  have  assumed  in  this  calculation  that  this  order  represents  an  addi- 
tional 1980  demand  for  Wyoming  coal.   This  new  demand  is  assumed  to  total 
7,800  K  tons  or  472  lOOMBTU's.   We  did  not  increase  the  capacity  of  any 
mine  above  the  1980  baseline  because  of  this  new  demand. 

The  following  mines  which  are  currently  producing  were  allowed  to  compete 
for  this  new  demand.   They  are  Arch,  Rosebud,  Big  Horn,  AMAX,  and  Medicine 
Bow.   Other  Powder  River  mines  were  not  included  in  the  calculation  because 
they  are  more  costly  than  AMAX  and  AMAX  claims  ample  extra  capacity. 
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The  average  cost  results  of  the  calculation  indicate  a  new  figure  of  $6.89 
per  ton.  What  is  more  important,  however,  is  that  all  mines  other  than 
AMAX  went  to  capacity,  while  AMAX  served  all  the  remaining  demand.  As 
the  baseline  demand  in  these  markets  was  also  freed  (except  for  the  Kansas 
City  area  unit  trains),  a  considerable  amount  of  supply  swapping  occured. 
Essentially,  the  least  expensive  source  will  take  over  a  market,  unless 
that  mine  is  at  capacity  or  such  a  move  would  disrupt  the  overall  cost 
minimization.   The  detailed  results  are  shown  in  the  following  table. 


100  MBTU  Change  From  Baseline 


Market 

Arch 

Rosebud 

Marshalltown 

Kansas  City 

Topeka 

53.3 

733.1 

Lawrence 

404.5 

Des  Moines 

(67.0) 

Lincoln 

(24.5) 

Cedar  Rapids 

Baseline  Excess 

Capacity 

457.8 

641.6 

New  Excess 

Capacity 

0 

0 

Big  Horn 

AMAX 
99.9 

Medicine  Bow 

299.0 

354.5 

(640.9) 

(56.4) 

218.6 

159.3 

120.2 

23.6 

(17.9) 

120.2 

1681.0 

280.2 

0 

1521.5 

0 

Generally,  the  larger  more  southern  markets  went  to  the  Hanna  Basin  pro- 
ducers, while  the  more  northern  markets  went  to  AMAX.   Big  Horn  was  able 
to  keep  the  Cedar  Rapids  market  in  competition  from  AMAX.   The  fine  details 
of  a  calculation  should  not  be  taken  too  literally,  but  the  market  swapping 
that  occured  is  very  interesting  and  significant. 


General  Implications 

Some  very  preliminary  general  observations  might  be  made  from  the  results 
of  the  various  calculations  with  the  1974  and  1980  models.   There  seems 
to  be  a  consistent  indication  that  additional  Hanna  Basin  production  would 
be  beneficial  to  the  market  place.   A  possible  BN  congestion  problem  looms. 
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A  more  sweeping  observation  is  that  if  the  demand  for  Wyoming  coal  were 
not  rapidly  rising,  it  is  questionable  if  we  would  ever  see  any  Powder 
River  coal  production.   There  has  been  very  little  activity  there  in  the 
past  100  years  that  coal  has  been  mined  in  Wyoming.   The  Big  Horn  mine  has 
a  number  of  reasonably  local  customers,  and  has  only  raised  its  production 
recently  as  it  has  started  to  sell  some  coal  in  the  midwest.  There  are 
strong  indications  from  FPC  price  reports  that  AMAX  started  its  first  two 
contracts  in  1973  at  a  loss.   However,  as  with  any  mineral  resource,  the 
prime  reserves  are  extracted  first,  followed  by  production  from  more  and 
more  marginal  sources  of  supply. 
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SECTION  VI.   SUMMARY 

Restating  the  objectives  of  this  project  —  to  demonstrate  the  feasibility 
of  producing  a  viable  information  system  which  will  provide  critical  data 
necessary  for  an  effective  coal  leasing  program. 

The  project  focused  on  the  years  1974  and  1980  since  1974  could  be  used  to 
validate  the  model  and  1980  because  much  of  the  available  data  was  projected 
for  that  year.   The  tasks  in  the  program  included  location  and  collection 
of  the  data,  integration       into  the  model  and  computation  of  the  infor- 
mation.  The  results  were  reported  in  Chapters  II-IV. 

The  methodology  employed  by  MSC  has  proved  to  be  a  viable  approach  to 
providing  the  Bureau  of  Land  Management  with  the  needed  information. 

Along  with  an  effective,  objective  approach  to  our  collection  of  data,  the 
computer  aspects  demonstrated  a  unique  efficiency  of  computation.   The  1974 
model  calculations  required  only  4  seconds  each  on  a  Univac  1106  computer, 
while  the  1980  calculations  required  5  seconds.   These  times  give  evidence 
that  a  very  effective  computational  performance  is  to  be  expected  on  the 
larger  scale  model  that  follows,  a  model  of  regional  and  national  scale. 

We  therefore  strongly  recommend  the  follow  on  program  to  be: 

(1)  a  further  refinement  of  the  Wyoming  model 

(2)  the  addition  of  the  remaining  Western  coal  states  in  the  same  scope 

(3)  the  addition  of  other  constraints  such  as  water,  environment,  popula- 
tion, etc.  as  necessary. 

MSC  recommends  a  level  of  effort  program  to  perform  the  tasks  above  serving 
as  an  integral  arm  of  the  Mineral  and  Energy  staff.   The  necessary  personnel 
are  available  to  proceed  as  needed. 

Continuity  and  timeliness  are  critical  in  implementing  a  follow  on  program. 
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